Particle Image Velocimetry, Laser-Induced Fluorescence, and computational modeling are used to quantify the impact of plasma generation on air entrainment into a helium plasma jet.
. Diagram showing the layout of the particle image velocimetry experiment and 96 configuration of the plasma jet device, with representative PIV images for the plasma off and 97 plasma on cases, vectors Ux and Ur represent the axial and radial velocity components, respectively. Absolute calibration of the LIF signal to determine the density of ground-state OH can be achieved 147 via several methods, including UV absorption, chemical modeling, and Rayleigh scattering. [28, 30] In 148 this investigation, the Rayleigh scattering approach was adopted due to its high degree of accuracy, 149 and a similar methodology to that described by Verreycken et al. was adopted. [28] Calibration by 150 Rayleigh scattering requires detailed knowledge of the rotational and vibrational energy transfer 151 rates, which vary significantly depending on the nature of the quenchers present; thus an accurate 152 appreciation of the gas composition is essential. Careful consideration must be applied in the case of 153 a plasma jet as the gas composition varies as a function of distance from the jet orifice; further 154 details on this are provided in section 2.3. Also important for the determination of absolute OH 155 density is the decay time of the laser-excited fluorescent state. This was measured at each spatial 156 position by applying a time delay to the iCCD camera from 6 ns (i.e., immediately after the laser interrogation area on the jet centreline was determined and plotted as a function of delay time, an 160 exponential fit was applied to determine the decay rate at each spatial position.
161
In addition to the gas composition, the gas temperature can also affect the interpretation of the LIF 162 data. To investigate the influence of plasma generation on gas temperature, an Omega FOB100 163 fiber-optic thermometer was used, the dielectric temperature probe was positioned in the plasma at 164 various points downstream of the jet orifice and the temperature recorded. The temperature was 165 found to vary little with spatial position, with a maximum of 10 K above ambient located close to 166 the capillary orifice, such observations are in-line with previous studies. [8] 167
The remainder of the calibration process closely followed that reported previously by Verreycken et 168 al. and will only be summarized in brief here. [28] To obtain Rayleigh scattering data for calibration, 169 the jet capillary was supplied with Nitrogen gas at a flow rate of 2 SLM, while not strictly 170 necessary, the nitrogen flow helped to ensure dust from the ambient environment did not enter the 171 measurement region of interest. The laser power was varied from 2 to 15 µJ in 1 µJ increments, and 172 the sum of the Rayleigh scattered signal intensity in a square region of interest measuring 0.36 mm 2 173 was calculated. The measured Rayleigh scattered signal, SRay (#counts), can be written as:
Where η is the calibration constant (#counts sr J −1 ), Nn is the density of scattering particles (m -3 ), 178 ∂ β=0 σ0 /∂Ω is the differential cross-section for Rayleigh scattering (m 2 sr −1 ), VRay is the volume from 179 which Rayleigh scattering is collected (m 3 ), IL is the laser irradiance (W m -2 ) and tL is the temporal 180 length of the laser pulse (s), which was measured by replacing the power meter shown in Figure 2 Table 1 , the gas composition determined by the To account for the varying composition of gas downstream of the jet orifice, a computational model 220 was developed that solved for the velocity field of the gas mixture in addition to the mass fractions 221 of its constituents, namely N2, O2, H2O, and He. To obtain the velocity field, the model solved the 222 mass continuity Equation (5), which solves for the mass density of the entire gas mixture, and the 223 momentum conservation Equation (6). To compute the densities of the species constituting the gas 224 mixture, the continuity equation, given by Equation (7), was solved for the mass fraction of three 225 species, while the mass fraction of the fourth was determined from the pressure constraint. All Where is the density of the gas mixture (kg m -3 ), ⃑ is the velocity field of the gas mixture (m s -1 ), 231 p is the gas mixture's pressure (Pa), is the gas mixture's viscosity (Pa s), I is the identity matrix, 232 is the density of air (kg m -3 ), and g is the gravitational constant (m s -2 ), i is the mass fraction of 233 the i th species, and i is the diffusive flux of the i th species, which is calculated according to 234 Maxwell-Stefan theory for diffusion as given by Equation (8 -10 ). [31, 32] 235
Where ⃑ is the diffusion velocity of the i th species (m s -1 ), xi is the mole fraction of the i th species 239 (dimensionless), which is related to the mass fraction by Equation (8), and is the binary 240 diffusion coefficients between the i th and the j th species (m 2 s -1 ). A list of the binary diffusion 241 coefficients used in the model is given in Table 2 . It should be noted that Equation (9) 
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As stated in the introduction section, it is hypothesized that plasma-induced turbulence affects the Where C is a constant equal to 0.0016 and is the self-consistent gas mixture density calculated by 
Where coincides with the transition region, as inferred from Figure 3(d Figure 4(b) ) coincides with the turbulent region, as inferred from Figure 3(d) , which has a moderate 349 value of T. As known from the energy cascade theory of turbulence, [46] the large eddies generated 350 in the transition region break into smaller eddies in the fully turbulent region, the small eddies are 351 dissipated into heat due to the physical viscosity of the fluid. [46] In this sense, the turbulent kinetic 352 energy k is high, while the turbulent dissipation rate is also high, leading to a moderate value of T.
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From Figure 4 (a-b), it is clear that the eddy viscosity for the 14 kV case has a larger magnitude 354 compared to the 10 kV case, which is consistent with the PIV results presented in Figure 3 (b-c).
355
When comparing the average value of T in zone one (x/D < 4) for both cases it is found that T for 356 the 10 kV case is approximately 70%-80% of that for the 14 kV case, indicating that the plasma's 357 perturbation to the flow in the laminar region is more significant for the 14 kV case in comparison 358 to the 10 kV case. 
